In this investigation, a method is developed for the isolation and purification of bufadienolides (resibufogenin, cinobufagin, and bufalin) from the Chinese traditional medicine ChanSu. The crude ChanSu extract is prepared with solvent refluxing under optimal conditions. A new chromatographic approach for separating bufadienolides utilizes silica gel column chromatography with isocratic elution using cyclohexane-acetone (5:1) as the mobile phase to separate resibufogenin, followed by reversed-phase C18 preparative HPLC column using isocratic elution of methanol-water (72:28) to separate bufalin and cinobufagin. Combining these two methods, bufalin and cinobufagin could be completely separated in high purity and recovery, and the amounts obtained were 1.9 and 3.1 g, respectively, from 500 g of ChanSu. These two compounds have been identified by mass spectrometry and 1H NMR, and their purities were quantitated by HPLC at 99% and 98%, respectively.
Introduction
ChanSu is a famous Chinese traditional medicine obtained from the dry, white secretion of the auricular and skin glands of Bufo bufo gargarizans (a toad), and is officially listed in the Chinese Pharmacopeia 2005 (16) . ChanSu is also a major component of other Chinese medicines, including liu-shen-wan (a specific pill of six ingredients treating various diseases of the mouth cavity and throat), shexiang-bao-xin-wan (curing coronary heart disease and angina), and niu-huang-xiao-yan-wan (eliminating inflammation and relieving pain) (1, 2) . Traditional uses of ChanSu include the stimulation of myocardial contraction, pain relief, and treatment of tonsillitis, sore throat, and palpitations (3) . The cardiotonic effect of ChanSu is due to its major bufadienolides components, which are natural steroids with potent anti-tumor activities (4) . It has been shown that bufadienolides exhibit significant inhibitory activities against human myeloid leukemia cells (K562, U937, ML1, and HL60), human hepatoma cells (SMMC7221), and prostate cancer cells (LNCaP, DU105, and PC3) (5) (6) (7) . These activities are mediated by the induction of cell apoptosis and cell differentiation, and the regulations of a variety of genes and proteins involved in the process (8) (9) (10) . Bufalin, cinobufagin, and resibufogenin are three major components of bufadienolides, and their contents in the crude drug could be as high as 5% of the dry weight (10) (11) (12) . It is widely reported that bufalin blocks vasodilation and increases vasoconstriction, vascular resistance, and blood pressure via an inhibition of Na+/K+-ATPase. It has also been evaluated for interleukin-6 (IL-6) antagonistic activity due to growth-inhibitory activities on IL-6-dependent MH-60 cells (14, 15) . Due to structural similiarities, cinobufagin has almost the same pharmacological activity as bufalin, but is less potent; resibufogenin has the weakest pharmacological effect among the three components (13) . The chemical structures of the three major compounds are shown in Figure 1 .
Due to the definite pharmacological effect of pure compounds or a mixture of bufadienolides, there is a huge demand for bufalin and cinobufagin in their pure forms. There are detailed descriptions about separation conditions of ChanSu using silica gel column chromatography, but this process is tedious, timeconsuming, and yields a lower recovery (16) . After separation from silica gel column chromatography, a reasonably high purity fraction is achieved, but at the expense of the yield. Ye et al. (17) have analyzed dozens of different components in ChanSu by analytical-scale HPLC-MS, which does not provide sufficient amounts for further pharmaceutical development and pharmacology research.
This study is aimed at developing an efficient technique for the preparative isolation of bufadienolides with high purity and yield. Reversed-phase preparative HPLC is currently an alternative method for separation and purification of multiple compounds, especially during the investigation of herbal medicine. The entire procedure for isolating bufadienolides from ChanSu is represented in the flow diagram depicted in Figure 2 . This improved method for the separation of bufadienolides not only provides a high purity and yield (as compared to repeated elution by silica gel column chromatography) but can also be extended to large-scale preparative separations.
Experiment Instrumentation
Preparative HPLC was performed using a Shimadzu HPLC system (Kyoto, Japan), equipped with LC-8A pump, SCL-10Avp system controller, SPD-M10Avp UV-vis diode array detector (DAD), SIL-10ADvp degasser, SCL-10A series auto sampler, and fraction collector FRC-10A. The size of Preparative RP C18 column (Shimadzu) was 280 × 20 mm and the size of the Analytical RP C18 column (Diamonsil, Dikma Technologies, Beijing) was 250 × 4.6 mm. The Shimadzu ClassVp HPLC software was used for instrument control, data acquisition, and data analysis.
Materials and reagents
A custom-made glass column was 800 × 100-mm i. 
Preparation of crude extract
Prior to extraction, a batch of 500 g dry ChanSu was pulverized into powder by an electrical comminuter. The ChanSu powder and 1 L 95% ethanol were placed in a 2000-mL flask, and the solution was refluxed in water bath at 60°C for 12 h. The extraction process was repeated twice, then the extract was collected and evaporated to dryness in a rotary evaporator (60°C), to yield about 30 g of residue. The residue was stored in a dessicator for separation and purification studies, or until further use.
Separation by silica gel chromatography column
Approximately 30 g of crude extract was dissolved in 30 mL acetone and mixed with 10 g silica gel, which was then loaded on top of the silica gel column. The column was eluted with cyclohexane-acetone (5:1) at 3 mL/min and effluents were collected in 50 mL fractions. Each fraction was analyzed by analytical HPLC, and the elution order of the three major bufadienolides was t resibufogenin < t cinobufagin < t bufalin . The HPLC chromatogram of the three components is shown in Figure 3 . 
Analytical-scale HPLC conditions
Chromatography was performed using a Shimadzu LC10ADvp HPLC system with an analytical C18 Diamonsil column (250 × 4.6 mm i.d. × 5-µm particle size), and the mobile phase was isocratic, using acetonitrile-water (50:50) with a flow rate of 1 mL/min. The chromatography was performed at room temperature. Effluents were monitored on UV-vis DAD at a wavelength of 296 nm. The injection volume was 20 µL.
Separation by preparative HPLC
Chromatography was performed using a Shimadzu LC10ADvp HPLC system equipped with a preparative C18 Shimadzu column (280 × 20 mm i.d. × 10 µm particle size). Injection volume was 2 mL, and the elution was isocratic, using methanol-water (72:28) with a flow rate of 5 mL/min and performed at room temperature for a total run time of 50 min. Effluents were monitored using a UV-vis DAD at 296 nm.
Processing procedures of effluent fractions
Through analytical HPLC of effluent fractions, resibufogenin was resolved from the other components. The solvents from these fractions were removed and the resibufogenin was dissolved in a small amount of acetone at 45°C, recrystallized by gradually cooling down to 4°C, and stored overnight. The overall weight of the resibufogenin was 2.5 g.
Cinobufagin and bufalin cannot be separated from each other in effluent fractions due to their similar chemical structures, which results in similar retention behavior in silica gel chromatography. After optimization of eluted solution, (decreasing the elution capability of solvent or utilizing gradient elution) there is little improvement on the poor resolution. Therefore, the effluent fractions containing these two components were collected. Finally, approximately 8 g residue was obtained after the solvent was evaporated in the rotary evaporator at 60°C. The residue was stored in a dessicator until further use. The 8 g sample containing cinobufagin and bufalin was dissolved in 160 mL methanol to form a concentration of 50 mg/mL solution for isolation by HPLC. The separation by preparative HPLC is shown in Figure 4 .
The fractions of bufalin and cinobufagin were collected at 28-35 min and 36-45 min, respectively, and the mobile phase was removed by evaporating the solvent by rotary evaporation at 60°C. The residues were recrystallized in acetone and methanol, respectively, by gradually cooling to 4°C and were stored overnight. The yield was 3.1 g cinobufagin and 1.9 g bufalin.
Results and Discussion

The structural identification
The structural identification of cinobufagin and bufalin was carried out by UV, MS, 1H NMR spectra as follows: 1H, s, 17-H), 3.75 (1H, s, 15-H), 4.02 (1H, s, 3-OH) , 5.52 (2H, d, 16-H), 6.12 (1H, d, 23-H), 7.32 (1H, s, 21-H), 7.93 (1H, d,  22-H) . The results were similar to those in reference (18, 19) . Therefore, compound 2 corresponded to cinobufagin.
Optimization of extract conditions
Different kinds of solvents were used and different extract modes were employed for extraction. The results indicated that 95% alcohol and heat reflux were the best extraction conditions. The comparison of extraction recovery is given in Table I .
Optimization of silica gel column chromatography conditions
The extract sample of ChanSu was eluted by silica gel column with different ratios of cyclohexane-acetone at the flow rate of 3 mL/min (16) . The elute was monitored by analytical HPLC. The recovery of the three components in elution fractions on separation with different ratios of cyclohexane-acetone is shown in Table II .
The elute capability of cyclohexane-acetone (9:1) was limited in that the three major components could not be completely eluted, and the separation recovery of the three major components was only 23.5 ± 3.4%, 8.8 ± 0.9%, and 11.9 ± 2.0%, respectively. When cyclohexane-acetone (5:1) was used as the elution solvent, five sections of effluent fractions were collected from the column. The third section was a mixture containing cinobufagin (38.7 ± 5.8%) and bufalin (35.6 ± 6.8%). Resibufogenin could be roughly separated using this elution system, but only 11.7% and 10.4% of cinobufagin and bufalin, respectively, could be completely isolated, due to their poor resolution in silica gel chromatography. The elution capability of cyclohexane-acetone (3:1) was so strong that a large amount of the three major components were mixed together in effluent fractions that did not achieve separation. The condition was not able to thoroughly isolate bufalin and cinobufagin in the silica gel chromatography column. In comparison, the use of cyclohexane-acetone (5:1) had achieved the largest amounts of crude separation mixtures including bufalin and cinobufagin. The crude separation mixtures containing bufalin and cinobufagin were left for separation by preparative HPLC.
Optimization of chromatography conditions for preparative HPLC separation
The optimization of chromatography conditions for preparative HPLC is very important because the isolation of several grams of high purity compounds in a laboratory needs dozens of hours, even several days, to complete. Therefore, productivity rate is a major element to be considered, along with selectivity, resolution, purity, and yields, when optimizing chromatography conditions. In order to shorten the cycle time and increase the productivity rate of separation while retaining high yield and purity, chromatography conditions were optimized in following aspects: mobile phase and injection volume.
Effect of different ratios of mobile phase on preparative separation
In order to optimize the separation of the two components, methanol-water (65:35), (70:30), (72:28), and (75:25), and four different ratios of mobile phases were tested for optimization. Methanol is typically used for preparative chromatography because it is usually cheaper than acetonitrile. Effects of different ratios of mobile phase on run-time and separation resolution are shown in Figure 5 .
With the increase of methanol in the mobile phase, the run-time is reduced while the resolution is decreased. A 46 min isocratic run consisting of methanol-water 72:28 provided a resolution of 1.2. 
Effect of different injection volumes on preparative separation
After the chromatography column, mobile phase, rate, and other conditions were determined, the injection volume was the most important element which determined the resolution and recovery of separation. Several different injection volumes (1.5, 1.8, 2, 2.2, and 2.4 mL) were tested for optimization. Effects of different injection volumes on resolution and recovery are shown in Figure 6 .
As the injection volume increased, the resolution decreased accordingly. When the injection volume > 2 mL, the two components could not be separated completely, which resulted in a lower recovery of the preparative separation (< 97%). The purity of bufalin is higher than that of cinobufagin because the previous fraction of bufalin can influence the later fraction of cinobufagin due to tailing phenomenon when the resolution is close to 1. In order to keep a high purity (> 97%) of two components, the latter part of fraction of bufalin and the front part of fraction of cinobufagin were not collected. Therefore, 2.0 mL was chosen as the final injection volume, which provided the best balance between a large injection volume and high separation recovery.
Comparison of separation efficiency of bufalin and cinobufagin between preparative HPLC and silica gel column chromatography
Preparative HPLC for the separation and purification of bufalin and cinobufagin has several advantages over traditional silica gel column chromatography. Firstly, the peak purity of these two components exhibited in preparative HPLC is as high as 0.99%, and the absolute purity is above 97%. In contrast, the purity of bufalin and cinobufagin obtained from the silica gel column is 89%. Table II lists the purity, recovery, and yield of bufalin and cinobufagin obtained by the two different separation techniques. This clearly indicates that the compound separated by preparative HPLC has higher purity and recovery than the same compound obtained only from silica gel column chromatography. Secondly, due to its short cycle time and high sample load, the separation efficiency and production rate of HPLC are much higher than in silica gel column chromatography, and it can be extended to large-scale preparative separation. Lastly, HPLC can exhibit the selectivity and resolution of fraction peak online, which made the optimization of preparative HPLC condition and monitoring effluent fractions very easy and efficient as a result.
Conclusion
Isolation and purification of a compound through preparative HPLC is not a novel method in herbal chemistry, but applications for preparative HPLC are limited. The methodology developed for isolation of bufalin and cinobufagin provided high recovery and purity compared to traditional silica gel column chromatography. It provides an alternative method for isolating bufalin and cinobufagin more efficiently and with high purity.
